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(57) The invention is a nitrogen oxide leap compris- 
ing o poroua oupport; and ■alatyolD miiotit§ et mom 
genesd and potassium loaded on the porous support. 
The trap may be used In an internal combustion cngtno 



exhaust gas cafelyst system, During tesr-bum opera- 
tfri of tho ongino tho trap oboorbo rctrogon €MJtlMMli 
releases the nitrogen cockles during decreased oxygen 
concentration in ih* axhautf $a& 
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This invention relates to nitrogen oxide traps em- 
ployed h The exhaust system of an internal ccrribustion 
enghes to absorb nitrogen oxides duiirrg lean-bum op- 
eration. 

Catalysts are employed in the exhaust systems of 
automotive vehlelestoccrivert carbon monoxjde, hydro- 
carbons, and nitrogen oxides (NOj pnoduceddumg en- 
gine opecatfen into more riftfiftafale gases. When the «n- 
pjna b operated in a Sfctdiierietric or st igtidy rich ar/ 
fuel nato. Le. between about 14.7 and u.4 , catalysts 
containing paladum, ptetinunai^nVxlium, w pol^ 
um and rhocfcm are abie to eflidenlly convert all three 
gascfi fiimuftVieouBty. Hants, etch catalysts are often 
called tiree-way* catarysts. It is desirable to operate 
theergjne in «learfbumT oortftion* where the A/F ratio 
to greater than 14,7, generaiy between 15 and 27, to 
realise a benefit in fuel economy. Suoh three-wey cate- 
rytts arc able to convert caJton monoxide andhyefro- 
carbons biitare not etfioemh 
tog lean-bum (excess e^gea) operation. 

a has become known mat certain alfcalhe materiel* 
Ike potassium or stituitiun h combination wfth pfcarum 
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of tho ongtna Protorotoiy, tho mongansM » fust IwcW 
on the support (clewed by toacSr^ Ihe polassiuitx Ac- 
catak\Q to another aspeet. the invention is a process for 
trapping nitrogen oxides u&itq the dbdo&ed traps 

Ad/antageously, wo have found that pfafosm in a 
nitrogen oxide trap can be replaced with manganese 
when the alkafine material used for nitrogen oxide trap- 
ping potassum and yet retain the trapping efficiency 
of a more cosily pJatinurrVpotasstum trap. This was un- 
expected emoe platinum is widely understood to have 
tomostGtfirartfcaBjystoraijd^ while 
not wishing to be bound by theory, it is believed thai a 
synergi stic ntwacti on results berweoO g pb^SOfh 
anB^ngofwca wheh meases the NCToxjd&lion ac- 

P^issum wit hFe,Cr(La . a chemical element located 
w\ the same f an% g( to perbofc table and hence con- 
adefatf strmrjo^iopentes to manganes e) did rtotojs 
play ther^ pfi njisjj^em as did manganese w frh t 
2D rxtfassJum. — — 

The invention wifl now be described, by way of ex- 
ample, wrtth reference to the accompanying drawings 
ii which: 
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A 



ht^poLbuf aluilin^ui isL&uiUi^ jiUkj^wi uflMtti uri- 

o^corKifooosd excess o^ 
arrisrn for this phenomena is that tj>3 ptetinum first oxi- 
dteee NO to NC^and the NOfe subseQuently formsani- 
treaja complex with tha alkaline material. In a stoichio- 
metric Or rich environment, the nitrate a $TcnTKxiynan> 
icaliy unstable, and the stored NQ< Is released NO^ 
then eatalyticaNy roacSo wHh reducing apoeiesh the ex- 
haust gas to form N^. These ec-caOad NO, naps are 
thus currently receiving considefabte attention because 
they have application tor removing NC^ from the ex* 
haust of Joan -bum engines 

Oie of tha disadvantages df these NO K traps Is that 
they employ platinum, a scarce and expanses material, 
It wouid be advantageous if en efficient NO* trap couki 
be devised which would employ a tes* costly material 
in place of pfaiinum We hove unexpectedly found that 
efficient NO x tiaps can be made using manganese in- 
etead of tie platinum when used in conntoiration with po- 
tassium. 

ThwiwentionisdrBctcdtoannttrcxjeno ) 
trap useful to trap nitrogen oxktes during tho toorvburo 
of an internal combustion engine. It comprise* a porous 
support loaded win catalysis am&w^oi mxnynw* 
p fmrinnlftivniim Prnfraihly fhnfinml \t\mjrtlw\h? 
i to 20 weight percent mang grjaaa , ggd $ taj»*&ight pe£ 
|^ cent potassium, each based onlhe we W of the porous 
support. In another aspect the Invention Is an Internal 
oornbusbon engine exhaust ga& catalyst system oom- 
pdsingtheNO^trap.TheUapis arranged in the exhaust 
«y«tem and absorbs NC^ when tho air4vol ratio of ox- 
haust gas tiowrtg rito said trap is lean and releases the 
absorbed NO, when the oxygen ooncentration in tho ox- 
haust gas Is {owe nod, as dunhg st^uornetric operation 



htg. i is a grapn snowing nitrogen odde trapprtg 
efficiency of troptetinur^ 

ativa examptee) and a manganese-potassium trap 
(embodknent of the present invention); and 
fig. 2 is a graph showing nitrogen o>dde trapping 
dfirier^oftworaanoanesei^^ iraps (em- 
bodiments of tie present invention} during expo- 
surc in tho tost gas contaning SQs. 



This mvertfion, according to one aspect, ©directed 
35 to an interna] combustion engine exhaust gas catalyst 
system comprising a nitrogen oxide trap. Tbe NO* trap 
compriaasa pcMr^^pon Improo^alod ^th mano> — , 
nese and potassium Pref ftrabfc; the support is loaded 
with 2 to 20 weight percent mang&tese and 5 to SO [ 
40 weight p^r^potaeswm, each based on the wet^td I 
the porous support MorepreleraWy. ^support carries , — ! 
beowen about Sard 1 0wetght percent rrwo^tnese and 
between about 15 and 20 wei£tf peroent potassium. 
The porous support (waahooat) material loaded 
45 with the caalysts isprefeiabty a high surface area wash- 
coat material Ifcealurnina, prefocably being gamrna-aiu- 
mira. Stil ooieT washcoal materials which may be used 
fit IN? high operation temperature* asioc^ted with an ^ 
inlwrrtid mmhiirlrn angina arhwul rye lorn hottdo. but \ 
so are not limited to, yecfite, cam, and /irccnia. S uch \ 
washcoat maCeriate. useful for carrying catalyst rnateri- ^ 
at$.aJ«weilax)wntothosesidledint>eact The choice 
of the particular porous support (iwtehcoat) material is 
not critical to this invention. Desirably, the support ma- 
£5 teriai has a surface area between about Sand 300 rr#g. 
For useful appication to an exhaust sysi&m. me 
wachooat wi> bd aarried on a substrate of a high tem- 
perature stable electrically insulating material Typical 
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of such substrate materials are cordierte, mulliie, etc. 
The substrate may be in any BtBabte configuration, of- 
trm homg omployad no n mcMtMOtit ****yumB siais 
tur», spun fibres. corrugated fele or layered materials. 
Stil other material* and configurations useful in thfe in- 
vention end surface h an ejfiaust gas system wt) be 
^parcnttotho96akll«dinth^fiftrnviewo(the present 
cfsciasure> 

Tho oatelysts and waehcoat may be appaea to the 
substrate as a mixture of waahcoat and catalyst or in 
sequertfali^inarr^ner which wouW be resdily ap- 
parent to those skilled in the art of catalyst manufacture. 
Preferabfc ti« washcost is first applied to the substrate 
folto*ed by dryrg and catenation of the washcoat. 
Tnan thp manganese and pctessum c^atyste can be 
.deposited on the washcoat as by incipient wainess 
^techniques wel known to thoseskaTed r> the art. Aecord- 
V inc. to such techniques., the manganese and potassium 

I soluble precursors thoroof, e.g., as a sal Ifcxjooarjge- 
.nyajllffitfajLli jan aqueous or organic servant sofation 
wSSTtethen imprecated into the washcoat The par- 
ttcuJar^compc^ ac wol as me eeftont 

tte"r?for ffnot etficaftp this invention. O ther such 
. tertals wJilch may be used would be apparent to those 
skilled in the art in view of the present disclosure. Drying 
and catenation dt the tmprcr/tatod washcoat In air gen- 
erally converts tile manganese ntrcte to manganese 
oxide on the washcoai material. 

As disclosed above, the trap may be prepared by 
irrpregnathg the support material with manganese and 
potassium precursors eimufianoously or sequentially. 
Preferably, the trap is prepaid by impregredngthe sup- 
port materials with manganese first followed by irnpres- 
naticn with potassium precursor. As is frown si the art> 
potassium in NO, traps is susceptible to poisoning by 
sulphur compounds present in the exhaust gases. Tfta 
exhaust gases usually contain SC^ which result when 
from the burning of the fuel which contains strtphur. Over 
time, the sulphur compounds react wim the potassium 
to form pctaasiajiiaujph^ 

does not store hO t ^wJl not rev&rt'bact; to potassjfcm 
C iVius^ne^KJtaasiura in the presence of such sulphur 
^compounds, loses effectiveness as a trappnq material, 
\ We have found thai by loading the manganese first on 
the porousstipport and subsecjuerrly bading the potts- 
v ^um on top of the manganese, sulphur poisoning of me 
,' potassium is stgntflcarrtty rsducad as compared fo the 
Vevereeordet 

The Internal combustion angina caiafyst sysiam of 
thb mention may include another catalyst oevice as, 
for example, a catalytic converter employing a conven- 
tional throo-way oataryttoortaining palladium, eto. The 
three-way catalyst can be placed upstream of the NO^ 
trap, nance closer to the enghe. In euch an arrange- 
ment, the three-way catalyst being ooeery mounted to 
the engine would warm up quickly and provide for effi- 
cient engine cold start emission control. Once the en- 



gine Is warmed up ; the mree-way catalyst wttl remove 
hydrocarbons carbon monoxide, and nitrogen oxides 

hydrocarbons and carbon monoxide during lean ooera- 
5 tion. The NO x trap would be posJuoned downstream of 
the three-way catalyst where the exhaust gas tempera- 
Uire enables maximum NQ^ trap efficiency. During peri- 
ods of lean engine operation when NO, pasoeethjough 
the three-way catalyst. NO* id stored on the trap. The 
to r^eapisperodieally»ger»^ 

intervab ofslgrrty richer^ operation, With che NQ< 
trap positioned downstream of ewthre*Hwry catalyst in 
a remote location, ft is protected ag^ist ve»y nigh ex- 
haust gas temperatures which could damage IT One 
15 may ebo wish to piece e second three-way catalyst 
downstream ct the NQ^trap in order to provide for efi- 
cient reduction of the NG^ which desorbs from the trap 
durhg regeneration. 
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A nitrogen oxide trap according to an embodiment 
0/ tho prworrt invention was psep&red 66 folow3. Gem- 
nr^-alumria (I00rn2/Q) was bail miled and mixed with 

25 dslillod watertoproAiceasturry. The ©lurry was applied 
to a corderite monolith (400 cefs/h 3 ) toobtah a25 wt. 
% loading of the alumina. The monolith was subee- 
quentiydried&J 1 20° 0 to remove me water ano calcined 
in air a! S00* C for 6 hours. 

^ The alumina coaled monofbh was first impregnated 
wJih an aqueous solution containing manganese nilrae 
adjusted so as to provide for S wt % manganese on tttc 
alumha washooaL Foiowtng impregnaeon wtm me oo- 
lution ; the akmuna was dried at 120* C for 2 hours to 

35 remove the water and tfian retirrtriftd at 500* C for 6 
hours to convert the manganese nitrate to manganese 
ctfde. in a similar fashion, this washcoat was subse- 
<^entV impregnated wfth an aqueous potassium rturaie 
sotution (aidiusted so as to provide 10 wt % potassium 

40 on trMiaUimina washcoat), dn^. ar^dcafciried as above 
to (save potassium on the washcoai 

For comparison, a platnurri/pota&sium nitrogen ox- 
ide trap was made by a Simla; procedure. Amonofth 
coated with cateined alumina was made as disclosed 

45 above, tie Alumina coated monolith was rnpregnated 
with an aqueous solution containing hexachforcplasinjc 
acid The platinum corcentoxtion in the sotution was ad- 
justao in ortier to provide tor platinum loadings ot 2 and 
3 wl %cm the alurnina washcoai. Following impregna- 
te tion Of infi platinum preoirsor, the mnnnWi was rirtori 
and calcined. The monoliti wae ten impregnated with 
an aqueous solution conialnhg potassium rUrate. The 
oonoentration of the potascium nitrate aofajtbn was ad- 
justed in order to provide for a potassium loaring of 10 

& wt% on the alumina washcoat 

In order to test the NO x sorption efficiency of the 
traps, they wore subjected to a simulated etfiavst gas 
containing: SOOpcm NO t 10% CC^, to% H^o, 0.1%CO, 
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0.05%. Hjj. 5Cpprn CjH e , and 6% pg. The total axhaust 
gut Dow rate mib9 Itoetari aUCiUw^pctw vtjfewly 
20,00Qhrl, 

It can be seen from Fig, 1 that replaoement of the 
platinum with manganese provides a NG^ trap with trap- 
ping efficiency equivalent to the platinum containing 
trap. This was unexpected since, as discussed above, 
manganese s considered to be significantly tees effec- 
tive than platinum for acidising NO to NC^ White no? 
wishing to be bound by theory, it Is believed that a syn- 
ergistic mteractbn result s benmn the potassi unia cd. 
manganese yrtteh hcreases jte j^j^datlo^ 
" orihe irja^n.aae . Neither trie vaJftfr nor understand- 
ing oi mis reory is necessary for Ihe practice of this 
invention. 

Fig. 1 shews the resistance to sulphur poisoning of 
two trap made according to enibodirncrtl* of th* present 
invention. More partfcuterty; tt shows The advantage of 
prnwr*nothe rnarvjBnese ffmnn the «fWrTOtt followed 
by the potassium fri contrast to the reverse loading of 
thecataryate. Trap A ie a wa&iSooatm>ar garieea/ potas- 
sium trap Bee thai prepared above, white Tcap B is a 
washCOeVpOtasOTn/ manganese trap preparad in re* 
verseorderofcalarystimp^ 
jeeted to the presence of 30ppm SQg in the srnufated 
ertaust gas stream del wed to the traps during testing 
conducted as described above (5 minute lean cycte), 
TrapAo^^gre2iterrTOistanc*tosu|>ayr poisoning 
than Trap B as seen from Fig. 2l Thus, as concerns sul- 
phur poisoning, the preferred embodrnenl of the 
present invention & Trap A whore the manganese was 
loaded tirst on the porous support, eg- aiurmna, id- 
lowed by the potassium loading. 



system comp rising a nitrogen oxide trap as claimed 
n any one of Ihe preceding claims, said nitrogen 
oxide tap being arranged in the exhaust system 
end absorbing nitrogen oxides when the aioTuel tar 
s Ho of etfiaust gas lowing into said trap is lean, said 
nitrogen oxide trap reteaehg absorbed nitrogen ox- 
ides nfien the oxygen eoncfiruration w\ said exhaust 
gas is towered. 

w 6, An exhaust gas catalyst system according to claim 
5, which further comprises a three way catalyst po 
sit coed upstream or downstream of the nitrogen 
oxide trap. 

15 7. A processor trapping nitrogen oxides from the ex- 
haust gases generated during lean-bum operation 
of an internal combustion engine, said process 
oomprising the steps of: 

britging arid exygondsk atauet 900*4 

20 iuncs£ oxygen content is at the stoichKynctne or 
more required for oxidising the components to be 
oxidised therein, irto contact with a nitrogen oxide 
trap a© claimed in any one of claims 1 to 4. 

& A process according to da im 7, u^ioh further com- 
prises the slep of contacting said exhaust gases 
with a three way catalyst post ioned upstream or the 
nitrogen oxide trap. 

s> a A process according to c&im 7. which further com- 
prises a three-way catalyst positioned downstream 
of the nitrogen oxide trap. 



Claim* 

1. Androgen oxide trap useful for trapping nitrogen ox- 
ide present in the exrtaust gases generated during 
lean-bum operation of an interna! combustion en- & 
gine, said trap comprising; 

a porous support: and 

oatalyete consisting of manganese and potas- 
sium loaded on sai3 porous support <s 

2. Atj^aixcrcfoigtoctai*rj 1, whereti manganese is 
loaded on said sup port followed by said potassium. 

1 a trap anmiTfin/j to rtern 1 nr 7, wherein sarirf srtpi SB 
port comprises alumina. 

4. AtrapaowdirTgtoanyonecrfcHQirrw1to3,T^rein 
sakjsuppoalslc^edwtAaoout2to20wt, percent 
manganese and 5 to 30 wt. percent potassium, 
each based on ihe w&lghi of the porous support 



5. An interna I coTrtustion engine exhaust gas caiaJysi 
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